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Materials and Methods

Construction of Gene Disruption Plasmids. For deletion of gentamicin biosynthesis
gene cluster, two DNA fragments flanking the region from gmrB to genN were amplified from the genomic DNA of M. echinospora ATCC15835 by using BN-L1/L2 and BN-R1/R2 (SI Appendix, Table S5 ). The PCR products were each cloned into pUC18, then cloned together into the Streptomyces-E. coli shuttle vector pYH7 (41) to obtain the gene disruption plasmid pWHU39, which was verified by sequencing. pWHU2755, pWHU2751, pWHU2752, pWHU2753 and pWHU2754 used for in-frame deleting genL, orf0086, orf1678, orf12159 and orf3626 were constructed by the similar way.
Targeted In-Frame Gene Deletion. To create double in-frame deletion mutants
ΔgenD1ΔgenN and ΔgenD1ΔgenK based on mutant ΔgenD1, the corresponding plasmids pWHU1 and pYH289 were introduced into ΔgenD1 (19) by conjugation and mutants screening was carried out using the same method described before (18, 19) .
The desired in-frame deletion mutants were identified by PCR using the checking primers (SI Appendix, S5 ).
Extraction of Gentamicin Complex and Intermediates.
Cultures of wild-type and mutant strains of M. echinospora ATCC15835 were adjusted to pH 2.0 with H2SO4 and the acidified broth was agitated for 3 hr. The clarified supernatant after centrifugation was filtered through Whatman filter paper, and agitated with DOWEX 50 WX8-200 ionexchange resin (1 g for 30 mL broth) that was preconditioned with acetonitrile followed by
Milli-Q water. After 3 hr，the resin was put in a column then washed by Milli-Q water (8 column volume) and eluted with 1 M NH4OH (8 column volume). The eluate was freezedried and redissolved in Milli-Q water (0.3 mL concentrated solution was equivalent to 30 mL broth), and filtered through 0.22 μm microporous membrane before subjection to LC-ESI-HRMS analysis.
LC-ESI-HRMS Analyses of Gentamicin Complex and Intermediates. LC-ESI-HRMS
analysis of extracts of wild-type and mutant strains was performed on a Thermo Electron µM enzyme was incubated at 30°C overnight. The reactions were stopped by addition of 0.5 volume of chloroform followed by vigorous vortex to denature the proteins. The mixture was then centrifuged at 13,000 rpm for 5 min and the supernatant was subject to LC-ESI-MS analysis. LC-ESI-MS analyses were carried out on an HP1100 high pressure liquid chromatography system (Agilent) coupled with a Finnigan LCQ (Thermo Finnigan).
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